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Bamini Gopinath, Gerald Liew, Annette Kifley, Victoria M. Flood, Nichole Joachim, Joshua Lewis, Jonathan M. Hodgson, and Paul Mitchell This journal article is available at Research Online: https://ro.ecu.edu.au/ecuworkspost2013/5145 Introduction antioxidant and anti-inflammatory properties, including flavonoids (13) . Flavonoids are 48 bioactive compounds found in foods such as tea, chocolate, red wine, fruit, and vegetables 49 (14) . Flavonoids found in foods can be divided into six main flavonoid classes: flavonols, 50 flavan-3-ols, flavones, flavanones, anthocyanins, and isoflavones (14, 15) . Flavonoids may 51 have antioxidant and anti-inflammatory activities (15, 16) . There is also strong evidence that 52 flavonoids positively impact vascular health through improved endothelial function (17) . 53 Thus, the role of flavonoids seem promising for reversing oxidative stress and inflammation-54 associated damage and improving vascular function and thus, possibly improving the clinical 55 features of AMD (13) .
However, additional research is needed to establish whether flavonoid intake is 57 beneficially associated with risk of AMD. Hence, we aimed to use a well characterized large 58 cohort of adults aged 49+ years to explore: 1) Associations between dietary intake of total 59 flavonoids with the prevalence and 15-year incidence of AMD (primary endpoints), 60 independent of potential confounders; 2) Prospective relationship between six common 61 flavonoid classes (flavonols, flavan-3-ols, flavones, flavanones, anthocyanins, and 62 isoflavones) and key individual flavonoids (quercetin and hesperidin) with the prevalence and 63 15-year incidence of AMD; and 3) Associations between the main foods and beverages 64 contributing to total flavonoids e.g. tea, apples, oranges and orange juice, and both the 65 prevalence and 15-year incidence of AMD.
67

Methods
68
Study population 69 The Blue Mountains Eye Study (BMES) is a population-based cohort study of common eye 70 diseases and other health outcomes in a suburban Australian population located west of 71 Sydney. Study methods and procedures have been described elsewhere (18) . Baseline 72 examinations of 3654 residents aged >49 years were conducted during 1992-4 (BMES-1; 73 82.4% participation rate). Selection bias at baseline was minimised after multiple call-back 74 visits, including door-knocking, telephone reminders and letters at recruitment. Surviving 75 baseline participants were invited to attend examinations after 5-(1997-9, BMES-2), 10- respectively. Participants who did not return to the 5-year visit were also invited to the 10-or 79 15-year visits. For the current report we analyzed data from BMES-1 through to BMES-4.
80
The University of Sydney and the Western Sydney Area Human Ethics Committees approved the study including all methods that were performed, and written informed consent was 82 obtained from all participants at each examination. All methods in this study were performed 83 in accordance with the relevant guidelines and regulations. 86 We took two 30° stereoscopic color retinal photographs of the macula of both eyes, which 87 were graded for presence of early and late AMD using the Wisconsin AMD Grading System 88 (19, 20) . Inter-and intra-grader reliability showed good agreement for grading of specific 89 AMD lesions with quadratic weighted kappa values ranging from 0.64 to 0.93 and 0.54-0.94 90 respectively (21) . The detailed methodology of AMD ascertainment in this population has 91 been previously reported (19, 20) . Early AMD was defined as the absence of late AMD and 92 presence of either: 1) large (>125-µm diameter) indistinct soft or reticular drusen or 2) both 93 large distinct soft drusen and retinal pigmentary abnormalities (hyperpigmentation or 94 hypopigmentation) in either eye (20) . Similarly, late AMD was defined as the presence of 95 neovascular AMD or geographic atrophy in either eye (20) . Any AMD was defined as having 
Assessment of AMD
Results
184
Prevalence of AMD 185 Of the 3654 subjects examined at baseline, 2856 who had complete dietary data as well as observed between hesperidin and prevalence of AMD (data not shown).
198 Table 2 shows the association between quartiles of intake of flavonoids and prevalence 199 of AMD. Participants in the highest quartile of total flavanone intake compared to those in 200 the lowest quartile of intake had reduced odds of any and early AMD. Those in the highest 201 versus lowest quartile of total flavonol intake had a 57% reduced likelihood of any AMD, 202 after multivariable adjustment. Participants in the highest quartile of total hesperidin intake 203 compared to those in the lowest quartile of intake had reduced odds of any and early AMD 204 (Table 2) .
Additional analysis involved investigating the main foods and beverages contributing to 206 total flavonoids, flavonols, and flavanones i.e. apples, oranges, tea and orange juice.
207
Compared to participants who did not consume any oranges (reference group), those who 208 reported having one or more serves of oranges per week but less than one serve per day had Table 1 . There 225 were 15.3% and 4.1% incident early and late AMD cases, respectively. No significant linear 226 associations were observed between flavonoid intake and 15-year incidence of AMD (data 227 not shown). A marginally significant trend was observed between increasing intake of total 228 hesperidin (from first to fourth quartile) and lower 15-year incidence of late AMD, after 229 multivariable adjustment ( Table 3) . Findings were essentially similar after accounting for the can have a large impact on their bioavailability (40, 41) . Further studies are needed to confirm 281 our findings and elucidate the influence of total flavonoids and flavonoid subclasses on the 282 development and progression of AMD in older adults.
283
Our findings are promising, as BMES data show for the first time that flavonoids may 284 be useful food compounds in protecting against AMD. Oral bioavailability of flavonoids, 285 however, is known to be limited by poor intrinsic transmembrane diffusion characteristics 286 and poor solubility (42) . Moreover, the activity of the flavonoid metabolites is not well 287 established (42) . Further research is also needed to establish whether systemic administration 288 of flavonoids will yield much higher and effective concentrations of the parent flavonoids in 289 the ocular tissues and at much lower doses (42) . For the time being, it is reasonable that 290 adequate intake of fruits (particularly oranges), vegetables, and beverages (e.g. orange juice) 291 containing flavonoids be recommended to patients, although it is too early to make 292 recommendations on daily flavonoid intakes for prevention of AMD (15) . Strengths of this 293 study include its prospective data collection, long-term follow-up of a population-based 294 sample, use of a validated FFQ and careful adjustment for confounders including genetic risk.
295
Hence, our findings are applicable to the general older Australian population and could also 296 be applicable to older adults in other Western countries. Additionally, this study uses high 297 quality stereoscopic retinal photography with validated grading to assess macular conditions, 298 and a detailed side-by-side comparison of the baseline and follow-up photographs to ensure 299 negligible misclassification of incident AMD (4, 43, 44) . However, this study has some 300 noteworthy limitations. First, the database used for the estimation of flavonoid content of 301 foods is based on US data only and therefore this approach might not have accounted for any 302 variation in the flavonoid content of foods found in Australia (40) . Second, we cannot 303 discount the effect of residual confounding from unmeasured or unaccounted factors (e.g. 304 inflammatory markers) on observed associations. Finally, the number of participants who developed incident AMD was small, and this might have reduced power to detect modest 306 associations with flavonoid intake.
307
In summary, we report novel independent associations between dietary intake of total Data is presented as mean (±SD) or n (%) and p-values were obtained using t-tests for continuous variables and chi-square analyses for categorical data. 
